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(54) MOS thin film transistor and metfiod of fabricating tfie same 



(57) A MOS transistor includes a body region of a 
first conductivity type, a source region and a drain 
region of a second conductivity type, a gate electrode, 
and a minority carrier recombination region. TTie body 
re^on is formed on a txjried insulating film and made 
from a crystalline semiconductor. The source and drain 
regions are formed on the buried insulating film so as to 
sandwich the body region and made from a crystalline 



semiconductor. The gate electrode is formed on the 
body region via a gate oxide film. The minority carrier 
recombination region is formed, in contact with the Ixjr- 
ied oxide film, in the source region from a position a pre- 
determined distance from the body region, arxt consists 
of crystal defects. A method of fabricating this MOS 
transistor also is disclosed. 
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Brief Pescrtption of tfi Drawings 

Fig. 1 is a sectional view of an n-channel MOS transistor showing the structure of an enixx&ment of a MOS tran- 
sistor according to the present invention; 
5 Fig. 2 is a sectionai view br explaining an initial step of an embodiment of a MOS transistor fatxication method 

according to the present invention; 

Fig. 3 is a sectional view of a step sut)sequent to Fig. 2; 

Rg. 4 is a sectional view of a step sut>sequent to Fig. 3; 

Fig. 5 is a sectionai view of a step subsequent to Fig. 4; 
10 Fig. 6 is a graph showing the distribution of the electron concentration in the direction of depth in a source region 

formed by the embodiment of the MOS transistor fabrication method according to the present invention; 

Rg. 7 is a graph showing the threshold voltage of an n-channel MOS transistor formed by the embodiment of the 

MOS transistor fabrication method according to the present invention; 

Rgs. 8A and 8B are plan views showing the distributions of minority canier recomt>ination regions; 
75 Rg, 9 is a sectional view showing the structure of a conventional n-channel MOS transistor; 

Rg. 10 is a view showing the relationships between the drain current and the gate voltage of the corrventional n- 
channet MOS transistor; and 

Rg. 11 is a sectional view for explaining a parasitic bpolar transistor effect appeared in the conventional n-channel 
MOS transistor. 

20 

Description of the Preferred EmbocBments 



Embodiments of the present invention will be described in detail below with reference to the accompanying draw- 
ings. 

25 Fig. 1 is a sectional view of an n-channel MOS transistor showing the structure of an embodiment of a MOS tran- 
sistor according to the present invention. 

In Fig. 1. reference numeral 1 denotes a crystalline silicon substrate; and 2 and 3, silicon oxide films for device iso- 
lation. The silicon oxide film 2 is a buried insulating film on an SOI substrate. 

Reference numeral 5 denotes a gate silicon oxide f Bm; 6. an n-type polycrystalline silicon gate electrode; and 7. a 
30 silicon oxide film for protecting the surlace of the gate electrode 6. 

Reference numeral 8 denotes an n-type crystalline silicon source region formed on tiie silicon oxide film 2; 9. an n- 
type crystalline silicon drain region formed on the silicon oxide film 2; and 10, a p-type crystalline silicon body region 
formed between the source region 8 and the drain region 9 on the silicon oxide film 2. 

Reference numeral 1 1 denotes an n-type minority carrier recombination region formed in the source region 8; and 
35 1 2. an n-type minority carrier recombination region fonned in the drain region 9. 

Reference numeral 13 denotes a metallurgical junction between the source region 8 and the txxiy region 10, i.e., 
a source/kxxjy metallurgical junction; 14, a metallurgical junction between the drain region 9 and the body region 10. 
i.e.. a drainAxxly metallurgical junction; 15, a PSG film as a passivation film; 16. a source electrode; and 17, a drain 
electrode. 

40 In this structure, the minority earner recombination region 1 1 is a region in which crystal defects are formed, and is 
formed, in contact with tt^e silicon oxide film 2, in the source region 8 from a position a distance D from the source/body 
metallur^cal junction 13. Analogously, the minority canier recombination region 12 is formed, in contact with tiie silicon 
oxide film 2, in the drain region 9 from a position the distance D from the drain/txxly metallurgical junction 14. 

These minority carrier recombination regions 1 1 and 12 are arranged so as not to contact a depletion layer from 

45 the txxJy region 1 0. Essentially, the minority canier recombination regions 1 1 and 12 are ananged so as not to contact 
the tKXiy region 10. 

When the minority canrier reconibination regions are thus formed apart from the metallurgical junctions, these 
regions do not come in contact with the respective metallurgical junctions, and this prevents an increase in the respec- 
tive junction leakage currents. 

50 In pn junction theories, a widtii W1 of a depletion layer extending from a metallurgical junction toward an n-type 
drain region and a width W2 of a depletion layer extending from a metallurgical junction toward a p-type body region are 
represented by the foltowing equations: 

Wl =K2*e-Na'(Vbi + Vd)}/{q-Nd-(Na + Nd)}]^'^ 

W2 = [{2 • e • Nd • (Vbi + Vd))/{q • Na • ( Na + Nd))J ^ 
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where e is the dietectric coostant of silicon, g is the charge amount of an electron, Vbi is the buitt-in potential. Vd is the 
drain voltage, Na is the impurity concentration in the i^type body region, and Nd is the impurity concentration in the n- 
type source region. 

ifNa = 3x10^^cm■^^Jd = 2x102°cm-2.q==1.6x10■^^C.Vt>i = 1 V,andVd = 2V W1 =:0.17nmandW2 = 113.6 

5 nm. 

That is, the width of the depletion layer extending from the metallurgical junction toward the drain is very smalt. 0.2 
nm or less, and is therefore negligible in practice. 

Accordingly, as described above, tt is essentially only necessary to arrange the minority canier recombination 
re^ons 1 1 and 12 so that these regions do not contact the body region 10. 
10 Note that the thickness of the body region 1 0 is set to be smaller than the thickness of a depletion layer which can 
extend from immediatety below the gate silicon oxide film 5. 

In an n-channet MOS trar^^or having the above structure, the action of a parasitic bipolar transistor can be sup- 
pressed by setting the distance D to be smaller than the diffusion length of holes in the source region a This will be 
desaa>6d below. 

15 To drive this n-channel MOS transistor, the crystalline sut)strate 1 and the source electrode 16 are grounded, and 
appropriate positive gate and drain voltages Vq and Vq are applied to the gate and drain electrodes 6 and 17, respec- 
tively 

For example, when the drain voltage Vq is raised to 2 V, a high electric field is generated near the drainAxxJy met- 
allurgical junction 14 as in corrventional n-channel MOS transistors. As a result, electron-hole pairs (o and • ertdosed 
20 by the broken line in Fig. 1 ) are generated by impact ionization. 
The holes (o in Rg. 1) flow into the body region 10. 

Although some holes disappear by recorhbination or are accumulated in the body region 10, most holes flow into 
the source region 8 through the body region 10. 

Since the minority carrier recombination region 1 1 is located at the distance D from tiie source/body metallurgical 
25 junction 13. the holes injected into the source region 8 are forced to recombine with electrons, as majority carriers, by 
crystal defects in the minority carrier recombination region 1 1 and vanish. 

Consequentiy. tiie diffusion lengtii of holes in the source region 8 is essentially the distance D. 

As described previously in "Background of tiie Invention', to suppress a parasitic bipolar transistor it is important to 
minimize the number of electrons ( © in Fig. 1} reversely injected from the source region 8 into the body region 10 
30 through the sourceAxxly metallurgical junction 13. 

According to bipolar transistor theories handling a steady state, it is known that the ratio of an electron current (In) 
injected from the source region 8 into the body region 10 to a hole cunent (Ip) flowing from the txxly region 10 into the 
source region 8 is given by the following approximation: 

35 Mp = (LpE • aE)/{LnB • aB • tanh(Leff/LnB)} 

where LpE is the diffusion length of holes in the n-type source region 8 acting as an emitter. cyE is tiie conductivity of 
the source region 8, LnB is the diffusion length of electrons in the p-type body region 10 acting as a base, aB is tiie 
conductivity of the body region 10. and Leff is the length of the body region 10. i.e.. the effective channel length of the 
40 MOS transistor. 

The above approximation shows that decreasing ttie diffusion length 14>E of holes is possit>le as a metiiod of eff i- 
dentiy reducing ttie electron current (In) wrtiiout changing tiie structural parameter and the various electrical character- 
istics of the body region 10. 

Assume that the diffusion length of holes in a MOS transistor with a conventional structure not having the minority 
45 carrier recombination region 1 1 in the source region 8 is LpE. In tiie MOS transistor stmcture of tiie present invention, 
if tfie minority carrier recombination region 1 1 is so arranged tfiat tiie distance D is smaller than LpE, ttie number of 
electrons injected from tiie source region 8 into the body region 10 is deaeased in accordance with the atxjve approx- 
imation. 

As a consequence, the action of a parasitic bipolar transistor is suppressed. 
50 As described atx>ve. tiie minority carrier recombination region 1 1 formed in the source region 8 plays an important 
role is suppressing a parasitic bipolar transistor. Similar effects can be obtained by the minority canier recombination 
region 12 formed in the drain regfon 9. 

In common MOS transistors, the source and drain regions 8 and 9 have ttie same structure and are distinguished 
from each other by tiie magnitudes of the applied voltages. 
55 In n-channel MOS transistors, for example, the low-voltage side is called a source region and tiie high-voltage side 
is called a drain region. 

Assuming a MOS transistor is incorporated into an actual integrated circuit such as a transmission gate circuit, tiie 
magnitudes of voltages applied to the source and drain regions change witii time and consequentiy tiie source and 
drain regions sometimes interchange with passing of time. 
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T realize a structure of a MOS transistor from which the effect of this embodiment can be expected even in this 
case, the minority carrier recombination region 12 must be formed in the drain region 9. 

In the above embodiment, minority canrier recombination regions are formed in an n-channel MOS transistor. How- 
ever, analogous effects can be obtained in a p-channel MOS transistor by forming minority cannier recombination 
5 regions in the source and drain regions, since n- and p-channel MOS transistors are different only in tfie conductivity 
types of the source, drain, and body regions and the gate electrode. 

Also, similar effects can be obtained in a complementary type MOS transistor structure in which n- and p-channel 
MOS transistors are formed on the same SOI substrate. 

f^gs. 2 to 5 are sectional views for explaining an embodiment of a method of fabricating the n-channel MOS tran- 
10 sistor shown in Rg. 1 . in which individual fabrication steps are illustrated. 

The MOS transistor in Rg. 1 is fomned on an SOt substrate on which a crystalline silicon substrate 1. a silicon oxide 
film 2 with a thickness of about 90 nm, and a crystalline silicon layer with a thickness of about 50 nm are stacked in this 
order. 

Note that the SOI substrate used as a starting sut»strate can be formed by any of a deposition film recrystatlization 
IS method, a crystal separation method, a heteroepitaxial deposition method, and a tx>nding method. 

By using this SOI substrate as a starting substrate, a si)kx)n oxide film 3 for lateral device isolation is fomned by 
selective oxidation, thereby forming a crystalline silicon island 4 surrounded by the silicon oxide films 2 and 3. 

Thereafter, boron ions are implanted into the crystalline silicon island 4 to give the crystalline silicon island 4 a 
desired p-type impurity concentration. Subsequently, the surface of the crystalline silicon island 4 is thermally oxidized 
20 to tbrm a gate silicon oxide film 5 about 5 nm thick. 

A phosphorus-doped polycrystalline silicon film about 300 nm thick is deposited on the gate silicon oxide film 5 by 
low-pressure chemical vapor deposition. This phosphorus-doped polycrystalline silicon film is etched into a gate elec- 
trode 6 by using a resist as a mask. After the resist is removed, the surface of the gate oxide film 6 is thermally oxidized 
to form a silicon oxide film 7 atXHit 10 nm thick (Rg. 2). 
25 As shown in Rg. 3, phosphorus ions are implanted by using the stacked film consisting of the gate electrode 6 and 
the silicon oxide film 7 as a mask and annealing is performed, thereby simultaneously forming an n-type source region 
8 and an n-type drain region 9. 

A p-type crystalline silicon region sandwiched t>etween the source region 8 and the drain region 9 is a body region 

10. 

30 As illustrated in Rg. 4, argon ions, for example^ are implanted with an acceleration energy of 50 keV. a does of 1 x 
10^^ cm'^. and a beam incklent angle of 7° into the source region 8 and the drain region 9 by using the stacked film 
consisting of the gate electrode 6 and the silicon oxide film 7 as a mask. 

With this acceleration energy the projected range of argon is approximately 50 nm in the vertical direction. Accord- 
ingly, immediately after the ion implantation the position at which the concentratk>n of argon is a maximum is near the 
35 interface between the source region 8 or the drain region 9 and the silicon oxkJe film 2. 
TTiereafter. annealing is performed at 950*0 for 15 sec. 

Consequently, an n-type minority canier recombination region 11 and an n-type minority carrier recombination 
region 12 both containing a number of crystal defects are simultaneously formed in the source region 8 and the drain 
region 9, respectively, at positions adjacent to the silicon oxide film 2. 
40 Reference symbol D in Rg. 4 denotes the distance from a sourceAxxty metallurgical junction 1 3 to the minority car- 
rier recombination region 1 1 or the distance from a drain/lxxJy metallurgkal junction 14 to the rrtnority carrier recombi- 
nation region 12. 

The distance D can be estimated to be approximately 25 nm when the following three points are taken into consid- 
eration: the source/body metallurgical junction 13 and the drain/txxiy metallurgical junction 14 invade a distance of 
45 about 40 nm from the edge of the gate electrode 6; the thickness of the silicon oxide film 7 is ^ut 10 nm; and the lat- 
eral standard deviation of argon is about 25 nm. 

As shown in Rg. 5. a PSG film 15 is deposited as a passivation film, and electrode contacts are opened to form a 
source electrode 16 and a drain electrode 17. Rnaliy, hydrogen annealing is performed to complete the SOt type n- 
channel MOS transistor illustrated in Fig. 1 . 
50 In this embodiment, the beam incident angle is set at 7° as the argon ion implantation condition. However, if an 
oblK|ue KMi implantation method in whk;h the beam incident angle is further inaeased is used, the distance D can t>e 
further decreased without adding any new fabrication step. 

In an extreme case, the distance D can be decreased to 0 if the beam incident angle is 45**. 

Apart from this extreme case, the distance D can be set at a desired small value with a high controllabitity by a seK- 
55 aligned technique which uses the argon ion implantation condition as a parameter. 

Rg. 6 shows the distribution of the electron concentration (o in Rg. 6} in the direction of depth in the n-type source 
region 8 when argon rans were implanted at a dose of 1 x 10^^ cm'^ in accordance with the embodiment of the fabrica- 
tion method described above. 
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(3) Since a minority carrier recombination region is also formed in 1h drain region of the second conductivity type, 
the drain region and the source region have the same structure. 

Accordingly, the source and drain regions can freely switch their roles. 

(4) The distance from the metallurgical junction l)etween the txxiy and source regions to the minority carrier recom- 
5 bination region and the distance from the metallurgical juncti n between the body and drain regions to the minority 

carrier recombination region are deternvned by a self-aligned method based on ion implantation. 

Since this distance corresponds to the diffusion length of carriers explained in item (1) atxsve. a parasitic bipo- 
lar transistor can be suppressed with a high controllat>ility. 

w Claims 

1 . A MOB transistor comprising: 

a body regbn (10) of a first conductivity type formed on a buried insulating film (2) and consisting of a crystal- 
IS line semiconductor ; 

a source region (8) and a drain region (9) of a second conductivity type formed on said txjried insulating film 
(2) so as to sandwich said body region (10) and consisting of a crystalline semiconductor; 
a gate electrode (6) formed on said body region (10) via a gate oxide film (5); and 

a minority canrier recombination region (1 1) formed, in contact wrtii said buried oxide film (2). in said source 
20 region (8) from a position a predetermined distance from said body region (10), and consisting of crystal 

defects. 

2. A MOS transistor according to claim 1 . wherein said minority carrier recombination region (1 1 ) has at least 1x10^ 
cm"^ of crystal defects. 

25 

3. A MOS transistor according to claim 1, wherein said minority carrier recombination region (1 1) is separated from 
said body region (10) by a distance not nmre than a diffusion length of minority caniers in said source region (B). 

4. A MOS transistor according to claim 3, wherein said minority carrier recombination region (11) has at least 1x10^ 
30 cm*^ of crystal defects. 

5. A method of fabricating a MOS transistor, comprising the steps of: 

forming a body region (1 0) of a first conductivity type consisting of a crystalline semiconductor on a buried insu- 
35 lating film (2) and forming a source region (8) and a drain region (9) consisting of a crystalline semiconductor 

on two sides of said body region (10); 
forming a gate oxide film (5) on said body region (10); 
forming a gate electrode (6) on said gate oxide film (5); and 

ion-irrplanting a rare gas element to form a minority can^ier recombination region (1 1) consisting of crystal 
40 defects, in contact with said buried insulating film (2), in said source region (8) from a position a predetermined 

distance from said body region (10). 

6. A method according to daim 5. wherein the rare gas element is argon. 

45 
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